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CHAPTER

I

IlfrRODUCTION

Anterior

Polio~elitis

has been studied more intensive-

ly than probably any infectious disease, and yet, in spite of the
vast amount of data that has accumulated, there is no greater confusion than remains at this time in regard to the mode of entry or
the virus into the nervous system and its special predilection for
the anterior horn cells of the spinal cord.

For over twenty-five

years it has been possible to reproduce the disease in all the
essential features one might desire in the laboratory animals;
the condition of such reproduction and the effects or the disease
in them are known with satisfactory clearness in man;y details.

The

general nature and characteristics of the virus and its distribution in the tissues, even in many, are also fairly well known.

The

interpretation of the EE- thology and the clinical symptomatology in
man, and the early teachings that the initial infection is not or
the nervous system, but rather an infection of the extra-nervous
systems of the body, that is, the onset of fever, nausea, malaise,
headache, diarrhea and pharyngitis; that period which is so like
the other general infections as rubella, typhoid fever and influenza,
presents the problem when parallelled with the experimental disease
in the laboratory.

These early teachings introduced by the early

students of the disease, as Wickham (51), ani lJarbitz and Scheel
as passive observation was later pointed out to the medical
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profession by Peabody of the Rockefeller Institute and by Draper
(15) as a basic feature of the development of the disease.

They

also pointed out that the early diagnosis of the disease in this
stage made possible a better chance for treatment.

The medical

profession then became conscious of the fact that the disease
might not affect the central nervous system at all, but that maey
abortive cases are indistinguishable from the comm.on infections
of the upper respiratory system and the gastro-intestinal system.
They observed that the invasion of the central nervous system
began when the stiff neck, the Kernig sign, and other signs of
meningeal irritation became evident, and that treatment must be
instituted before this time to be effective.

Draper (15) went so

far as to say, in his introduction of an article,:
"It is designed to develop the idea that
acute poliomyelitis is a general infectious disease, in the course of which paralysis is but an accidental and incidental
occurrence • "
Thi~

of course, assumes that the virus of the disease enters the

central nervous system by a systemic pathway.

This idea has been

supplemented until at the present time it is oonsid·ered to enter
the central nervous system by the way of the peripheral neI"V"es.
It has not been the hope of the author to completely
review the subject of acute
present time is too vast.

poliomyelti~

as the literature to the

It is his desire to present only a

brief review of the etiology of the disease as understood at the
present time.
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C H A P 'f E R

II

HISTORY

The study of the history of Anterior Poliomyelitis
is interesting because it is hard to determine when the first
cases were recorded.

In as much as the rather benign symptoms

of the initial stage were not recorded or observed until after
the paralysis had set in. :maIJiY cases may have not bean recorded
correctly,· and recorded only as a paralysis.

Undoubtedly• it

was not until epidemics occurred that it was recorded as a disease entity.

The earliest mention of the disease as we see it

today was in a treatise of the Diseases of Children by Michael
Underwood in 1784. He, here, refers to it as.
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the debility of

the lower extremities"• and writes:
"Nor am I acquainted enougl: \'V'ith it to
be fully satisfied, either in regard to
the true cause, or the seat of the disease, either from my own observations,
or that of others with whom I have corresponded, except in the instance of teething or of foul bowels. If it arises from
teething or foul bowels, the usual remedies
should be employed. But the complaint as
often seems to arise from debility, am
usually attacks children previously reduced
by a fever. It is then a ohronioal complaint,
and nob attended with any infection of the
urinary bladder, nor with pain, fever, or any
manifest disease; so that the first thing
observed is a debility of the lower extremities, which gradually become more infinn., and
after a few weeks are unable to support the
body. When both of the lower extrami ties have
been paralytic, nothing has seemed to do any
good but irons to the legs., for the support
of the limbs and enabling the patient to
walk"• (28)

4

The next outbreak to be recorded was in 1835 by
Dr. John Badham of Worksop, Notts, (4) and appeared in the
London Medical Gazette.

He described a locali'zed outbreak of

Flaccid paralysis in young children, one of which developed a
strabismus, which makes it the first record of cerebral type of
the disea'se known today.
Five years later, in 18401 Jacob Heine, an orthopadic surgeon of Cannstadt, Genna.IIY, published a monograph on
the paralytic conditions of the lower extremities and their
management, laying chief streas on the surgical aspect of the

I

disease (28).

However, he associated the symptoms and findings

with lesions of the spinal cord.

I'

He wrote the fi r·st good

clinical description of the disease and described the spastic
type of the disease.

Colmar (13)

described an epidemic in

1843 and from this time on until 1870. there is little of
clinical or present experimentally interest present in the literature.

Charcot, Si this time, studied the pathology of Polio-

myelitis and declared a primary degeneration of the anterior
horn cells to be the morbid process (42).

Strwnpfel, in 1884,

suggested for the first time that there was an external infectious agent respopsible for the disease.

Following Strempfels

statement, several instances of apparent direct contagion were
observed and recorded ( 46) •
Oscar Medin, in 1890, (1) a Swedish physician, recorded outbreaks of the disease in Stockholm and published the
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first good clinical account of Anterior Poliomyelitis (28).
Following the great Swedish epidemic, numerous small epidemis
were recorded from time to time in Italy, France, Garmany, and
the United States.

It was, then, in 1907, after extensive study

of the Swedish epidemic, and these are naw known to be typical
aborl;;ive types of the disease, that Wickham reported cases of feverish disorder without paralysis.

'

Approximately at the same time in

America, Caverly ( 8) in studying the apidEl!lic in Vermont, reported
a non-paralytic fonn of Anterior Poliomyelitis.
The next great step in the history of the disease
would date to 1909 when the disease was for the first time produced in monkeys (24).

These experiments were reported by

Landsteiner (32) and Popper in Europe, and almost at the same
time, unknown to the otner, an independent work by Flexner and
Lawis (24) and by Strauss (46) in America. Within a period of two
weeks, Flexner and Lewis in New York, Leiner and Von Heisner in
Vienna, and Landsteiner and Leavadidti (32) in Paris, succeeded
in transferring the disease from one monkey to another (40).

In

this same y ar the same experimenters gave evidence that the infective agent of Anterior Poliomyelitis was a filterable virus and
not the species of bacterium previously suggested.

This observa-

tion was closely followed by Flexner and Lewis who noted that
recovery fran an attack of the disease afforded protection to a
second inoculation.

Subsequently, it was discovered that there

was a neutralizing substance in the blood serum of the·monkeys
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which had recovered from the disease produced experimentally.
This was followed by the finding or the neutralizing or immuniz-

ing substances in the blood serum of humans who had recovered from
the disease by Levadidti and Landsteiner, Romer and Joseph,
Flexner and Lewis (25 ), and Anderson and Frost (2 7}.

Shaughnessy

( 43) showed norm.al human sera had power of co:mbating the virus.
Flexner and Lewis in 1910 {25) obtained rather definite results
by the administration of serum from recovered monkeys or humans

in those cases which were having the initial symptoms of the disease.

Some monkeys were saved,whereas in others, the progress of

the disease was delayed.

Netter {38) and his work established the

fact that injections of immune serum could be made in man with
safety, and, in 1911, he reported twenty-two cases success:f'ully
'i,

treated in Paris {39) with Horse Serum.

Since this time the most

important contributions have been made along the line of portal of
entry and modes of transmission.

7·

CHAP T E R

III

INCIDENCE
In the early days when infantile paralysis was first
noted to be .a clinical entity, it was not considered to be a
contagious disease.

It was Medin in Sweden who first pointed out

that the disease occurred in epidemic f'onn and, therefore, was of
a contagious nature.

Then, in 1904, Wickham pointed out that the

non-paralyf;ed oases, which he called abortive f'o111s, !Te re often the
true carriers of the infection from one locality to another.

It was

then believe that the disease, unrecognized, occurred in many during
the first ff!!IW years of' life and this produced an immunity in these
individuals which protected them

throughou~

their lives.

Kramer

and Aycock (31) believe th~t immunization occurs in a more or less·
uniform manner throughout the year and the life of' a re.ce.

It is

not understood why this disease has seemed to increase in its proportion.
It is not known whether the virus of' Anterior Poliomyelitis has increased in its virulence in this country.

It is believed

by some that the rapid rate of travel in the world today has brought

-

to America a new strain of' the virus and this is substantiated by the
increasing incidence of the disease among adults in this country•

It

is conceivable that the disease is more f'requerrl:ily seen today, not
because of' an increase in the number of infections., but rather because of a greater specificity of the organism for the nervous
tissues as years go on and the resultant def'onnities are unavoidably
noticed.

8
Ant~rior

Polio.myelitis has occurred in almost every

country in the world; first recorded in England and then in

Ge~ny,

with outbreaks being noted in Sweden, Norway, The United States,
West Indies, South America, Australia and the South Sea Islands.
There is a marked tendency for seasonal variation in
the attacks of infantile paralysis.

Six;ikler (44) was one of the'

first to report the seasonal incidence, and in his study of 270
cases, he found that 78.8 per cent occurred from May to September.
In the Swedish epidemic of 1905, 86 per cent of the cases had their
onset between July and October, with 35 per cent beginning symptoms
during the month of August.

The New York epidemic of 1907 showed

a similar onset curve with the maximum of cases occurring in
September.

That the disease is one of the summer and fall months

is now generally accepted (l ).

Never the less, there are occasion-

al cases of the disease in the winter and spring months which has
led some investigators to look for the intennediar,; host.
present time their attempts have not been successful..

At the

Some have

reported that the disease is one of the dry seasons, but there
have been epidemics in seasons which were especially humid, as in
Cincinnati, in 1911, and

Buffal~

in 1912.

Draper (15) noted that there were more cases per
capita in the suburbs of the cities and in the country than in the
more crowded tenement districts of the large cities.

The cases

were especially frequent among the families which "Vll8re in good
financial status and therefore had proper food and care for their
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children.

Likewise, those children attacked had not had a:ey pre-

vious medical history and the majority were unusually healthy
children up to the time of the onset of infantile paralysis.

It

was furthermore reported that only rarely in the New York epidemic
of 1916 were the re a:ny cases above the fourth floor in the tenement
district.

This probably had no real bearing on the incidence of

the infection and was merely a coincidence.
It i-s, indeed, difficult to find any material on

~he

relative incidence of the disease in the various races and only
one conclusion can.be drawn, and that is that no race is immune
and any individual of any race may be stricken.
Both male and female children and adults are susceptible to the disease.

Among the

yo~ng

children, the number of girls

and boys are almost parallel (18) and as age increases, the number
of males afflicted increase to the extent that on the whole the
number of males are slightly greater than the number of females.
It has also been noted by Peabody and others that the disease is
liable to be more severe in boys and the mortality rate slightly
higher.
Childhood is essentially the age which is most susceptible. to poliomyelitis but it is by no means confined to children,
for in recent years the per cent of adults afflicted has been
increasing.

The majority of the cases seem to occur in children

between the ages of one and five years (3).

It has been shown to

occur in even younger children: Morton, Batten and others have
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reported cases occurring so early in infancy that they have
believai that no immunity was present even at the time of birth,
as in the case in certain other infections which seem to be prevented in the newborn by an immunity from the mother.

Bramwell

reported a case of a child three weeks of age having an acute
attack of poli-0myelitis, and Sinkler (44) has reported two cases

.

in children under one month of a&e•

The percentage of the in-

faction producing paralysis in adults, taking into consideration
all the epidemics, has been about 10 per cent.

However, Muller

reported a majority of the cases in an epidemic on the island
of Nauru, where in a population of slightly over 25,000, some
700 cases occurred within a few weeks, the majority of which were
in adults (2 ). This was the initial epidemic on the island and
therefore must be considered a virgin occurrence, and would tend·
to point out that in countries where the per cent of adults infected is· infinitesimally small, the unrecognized abortive forms
have been great in number and have produced an effective immunity.
At various times there has been an attempt to find a
physical type of individual who is likely to become infected with
the virus of Acute Poliomyelitis in the hope that some fonn of
acquired i.nmunity might be used.

Dre.per (15) observed that the

large, well-grown, plump child with a '!;>road brow and round face
was a type most f :·equently afflicted.

lie alsQ noted tr.at in 50

to 60 per cent of all the cases in his series, the central inciso.r ·
teeth of the upper jaw were separated by a· cle.f't; of varying width.

ll

He further observed that in the cases of young adults, the
disease always seemed to be severe and frequently fatal, and
that these individuals were of a more delicate type of body.
Maxillary prognthism was marked and their skins were delicate,
dark with a high coloring of the cheeks and lips.

So it seems

difficult to set aside a certain type of individual as a susceptible candidate for the disease and, therefore, it has not been
practical to attempt a:ny fonn of vaccination.
The only means at the present time available for
detennining the presence of antibodies in the blood of a given
individual is by the neutralization test.

I

in the following way:

The test is pe_rformed

A given quantity of serum is mixed with a

fatal dose of a known active virus and this mixture is incubated
from one to two hours at 37 degrees centigrade and then allowed
to stand for twenty-four hours on ice•
is then injuected

intrace~brally

The mixture thus treated

into monkeys (Macacus rhesus).

The animals are than observed and if the ani if the immune bodies
are not present, the animal has symptoms of poliomyelitis vrithin
four to eighteen days.

The expanse incurred in such a procedure,

and the cost of the animals, makes it quite impractical to detennine
who among our population are susceptible to Anterior Poliomyelitis.
Such a procedure would inform an individual of his immunity and
determine whether he had had an abortive case of the disease at
some time in his life, (43).
· In conclusion, one might say that Anterior Poliomyelitis

12
is a world-wide contagious disease and that those who do not become infected with the disease after caning in contact with it in
an epidemic have probably acquired their immunity through an
abortive infection.
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CHAPTER

IV

THE INFECTIVE AGENT
The fact appears to be well established at this time
that the micro-organism of anterior poliomyelitis is not only
filterable but it is also far below the visibility of the ordinary
microscope.

It has not been possible up to the present date to

cultivate the virus.

For a ferw years there was good evidence to

believe that the globoid bodies, as discovered and cultivated by
Fle.xner and Noguchi, and by Amoss, were the real causative agents
or the disease (26 ).

They v.ere found in +.he spinal cord and other

infected tissues of those animals and men having succumbed to the
disease and were recovered from the culture of these tissues of the
unf'ortunate one.

These cultures were found to produce the disease

in as late as the twentieth generation.

However, Amoss was not

able to find the bodies in the highly inf'eotious filtrates and failed to find an immunological relationahip between them ani the true
virus of the disease.

Amoss, therefore, concluded that the relation-

ship of the ·globoid bodies to the disease remains, as yet, unsolved.
The globoid bodies average nearly .2 micron in diameter.
In comparison, the virus passes through filters with holes25 to 50
mille microns in diameter, according to the w~rk of Clifton, Schultz
and Gebha~t (12).

Later, work of Elford, Galloway and Pardl"eu (16)

indicates that the size ranges from 8 to 12 mille microns.

Such

small virus could conceivably travel among the neurofibrils of the
neurone itself.

---~-----------------------------------
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The virus withstands exposure to light, heat, cold and
drying more than do the other bacteria.

It will retain its viru-

lence in summer heat when dried on pieces of cloth and it is not
destroyed by the action of a majority of weak chemicals.

After

three years of glycerination it is still able to produce the disease in animals.

It is not destroyed by a solution of

o.5 per cent

phenol, an<l after four days at a temperature of -4 degrees centigrade the virus is still r:ctive. Mercury bichloride, hydrogen
peroxide, iodine and menthol solutions have no effect on the virulence of the virus (52).
The woric of Rosenau (42) on the cultivation of the
virus from the streptococci has been largely discounted by other
investigators who have not been able to reproduce his experiments.
He stated that viruses were experimentally produced by taking the
strains of the streptococci from the throat of human beings infected with the disease and cultivating them on a mash of twenty day
incubated eggs.

he then inoculated animals intra.cerebrally or intra.-

nasally and produced clinical symptoms of the disease in three to
seven days.

Bull (6) tried to reproduce the work of Rosenau and

was not able to produce anything that resembled poliomyelitis,
either clinically or pathologically, however, some of the animals
had symptoms and lesions ordinarily seen in streptococcal infections.
These lesions did not vary from tl:tose produced by streptococci from
other sources.

Furthennore, the neutralization test was not posi-

tive with the serum of these monkeys infected with the streptococci
inoculation.

'.
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Kolmer, Brown and Freese found that streptococci,
diplococci, diphtheroid bacilli, and Gram-negative bacilli could
be cultivated from the cases of acute poliomelitis and that when
these cultures were made anaerobically these organisms were found
to be small and round.

On inoculation of the animal with these

organisms there was a development of an arthritis in some and in
some a meningitis.

It, therefore, seems that in as much as no

other investigators have been able to repeat this work of Rosenau
that we must consider that the organism producing polionwelitis
in man and animal is a filterable virus.
At autopsy the virus may be found in the tissues and
the secretions of the bod~ as the disease may be produced by the
inoculations of these elements intra-cerebrally into the monkey.
What is more, the disease may be produced by the use of the secretins of the inoculated monkey, and this may be repeated in an
unlimited series of animals.

The chief locations of the virus are

in the central nervous.system, the brain, spinal cord, the nerves,
and it is also found in the lymphatic system,' especially in the
mesenteric lymph nodes.

It may be recovered from the :nasal wash-

in.gs of the infected animal.

However, it has never been recovered

from the spinal fluid of man and never in the blood stream.
As a result of Flexner's work in 1936, we may be safe
in saying that the causative agent of polionwelitis is a filterable
virus.
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CHAPTER

V

THE PORTAL OF ENTRY

The point of enbry of the virus in Anterior Poliomyelitis has been argued since the disease was considered to be an entity
in itself.

It is not possible at this time to say that there is

any one particular point of entry in the natural disease in man. but
there is impressive evidence that the virus enters by the vtay of
tht}~nasal

mucosa and almost equally impressive evidence that it does

not enter via the gastro-intestinal tract.
Taylor and Amoss (47) detected the virus in at least one
instance in the nasal washings of a child who recently had had contact with an infected individual, and on the fifth day following the
recovery of the virus from the nasal washings, the child became ill
with the disease.

Flexner, Clark and Frazer (23) found the virus

in the nasal vtashings of the parents of ,a child infected with the
illness.

Kling and Petersson found evidence of the virus in the

nasal vtashings of' four members of a family whose father had recently died of infantile paralysis. The first case cited is especially
interesting, in as much as the virus was discovered in the msal
washings of an individual exposed, who later became infected with
the disease.
The virus can frequently be recovered from the tonsils
of patients dying of the disease and according to Amoss (20), it is
constantly recovered here.

Flexner and Amoss conclude that in as
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much as it canr:ot be obtained from the tonsils, removed surgically
from patients having recovered from the disease, the virus is seldom
transported by chronic carriers.

Lucas and Osgood (35) found that

the washings of the pharynx of patients who at varying months previously had had poliomyelitis, caitained the vil·us causing the
disease.

This .presence was -detennined by animal inoculation.
Although the above statements made from the work of

recognized experimenters in this field are undoubtedly correct, it
· , is necessary to state that Flexner and Lewis, and Thomsen have shown
that the virus ma.lees an exit from the central nervous Sy-stem at this
area.

This work was proven by the intra-cerebral inoculation of' the

monkey am later recovery of the virus in the nasal washings of the
injected· animal.

..

Therefore, evidence exists indicating. that the
\

virus passes to and fro along a path from the mucous membrane of'
the upper respiratory system to the central nervous organs.
The post mortem findings afford little in the way of'
proof' that the organism enters through the nasal mucosa or the
gastro-intestinal mucosa.

Harbitz and Scheel minutely examined the

mucosa of the naso-pharynx in two cases and found no
changes in the structure.

evidenc~

of' any

Other investigators have reported a lym-

phatic hyperplasia in the various intestinal nodules and patches,
this is only a part of the geI18ralized lymphatic

hyp~rplasia

through-

out the body.
There seems to be no great disagreement that the virus
enters more readily through the nasal mucosa than it does through
the gastro-intestinal route.

b~

The question seems to have resolved
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into whether it is possible to infect the individual through the
. gastro-intestinal route of entry at all.

Levaditi and Kling in

the·ir experiments used a stoma.'ch tube and fed the suspended virus
to the monkeys.

or

ed the disease.

The fallacy was that the virus might not be confined

the monkeys injected, about 95 per oent develop-

to the stomach and intestines in this manner.

This fallacy was

corrected by the inoculation directly into the loups of the bowel
with similar results, which aroused.the interest of other ilIV'estigators (19).

It was not possible for other workers to get any

infections by this latter route, among whom was Clark and his coworkers (11), and also Lennette ~nd Hudson (34).

These animals

were then given virus intra-nasally, after a sufficient '!iime had
elapsed, and they all ca.me down with poliomyelitis and developed a
paralysis.
The work of Toomey, of C1eveland,was done on isolated
loups of the intestine which were greatly distended and, indeed,
very unphysiological (19).

The fact that the virus travels readi-

ly along nervous tissue is generally considered correct, as the
intra. cerebral inoculations are much faster in produci:ng the disease than the nasal application of the virus.

The particular techni-

que o·f Toomey produced trauma to the mucosa and, therefore, would
result in intimate contact with the nerve endings and the inoculation could easily penetrate capillary

a~

neural protection.

Toomey was only able to infect the organism by this artificial
traumatization and inoculation procedure.

It, therfore, is question-

able as to whether his worlc does more than to prove that the gastro-
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intestinal mucosa is normally impenetrable by the virus {48).
As proof of the importance of contact with the nerve
endinp;s for the production of the disease is the work of Lennette
and Hudson (33) in which they sectioned the olfactory tracts or
five monkeys and six months later injected intra.nasally the virus
of poliomyelitis.

.

No infection occurred in these five monkeys •

Infections were produced by the same virus in seven unsectioned
monkeys.

Interestingly, the five sectioned animals could not be

infected by intravenous inoculation either.

In a series of in-

jeotions made by Brodie and Eldridge (5), the infection occurred
only if the sciatic neI"V"e was first traumatized.

Suoh a damaged

somatic neI"V"e would lose its myelin sheath and this would allow
for the virus to travel along the axis cylinder of the nerve.
Brodie concluded that there was only one place in the body where
there was exposed to the external surface an unm;yelina.ted neI"V"e
fibre.

This one area was the area of the oribiform plate through

'Vhich the olfactory rami projected.

The work of Lennette would give

a similar conclusion.
Other work on the sciatic neI"V"e was done by Hurst (29),
who found that various areas of the central neI"V"ous system would
become involved after intra-sciatic inoculation.

In some instances,

the lumbar cord alone was affected, and in others the leg area of
the motor cortex was involved.

Even the cervical cord was at times

afflicted with the disease process.

He concluded that the axones

are the ma.in transmitting structures of the virus and that in order

·-·--------------------------------~
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to infect the organism, it was necessary for the virus to come in
contact with the nerve fiber.
Although the first work of inoculation of the :oasal
mucosa

''18.S

done following trauma to the membrane, it was soon

found that it wa.s unnecea sary to traumatize it, as the disease
process began without this mutilation.

Rhoads found that instill-

ation of the virus in the nose was the only place that the virus
could be dropped and produce the disease without trauma added to
the injection.

The work of other il'IV'estigators,previously cited,

points to the olfactory bulb as the site of entrance of the virus
into the nervous system and, therefore, makes the nasal mucosa the
primary portal or entry.

Flexner in a recent article states:

"Poliomyelitis is a particular kind of
upper respiratory infection in which
the atrium of penetration or the virus
into the nervous system is the olfactory
area or the nasal mucous membrane." (19)
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CHAPTER

VI

THE MODES OF TRANSMISSION TO TEE
CENTRAL NERVOUS SYSTEM
.

The routes of invasion of the virus of poliom¥elitis
in the body of 1the human being has been one of the controversial
points in the discussion of the disease.

The question has been

whether or not the disease enters the central nervous system by
the way of the lymphatics or

°'" the bloodstream. (7). It was not

until seven y"'ars ago that the possibility of a neurogenic route
was considered.
Wickham, in 19il, postulated that the virus entered
the central nervous system by the

lympha~ic

system.

Again, in

1930, Burrows (7) treated the entire disease as one of the
lymphatic system.

He states that the conmon change in every

case of the disease is a hyperplasia of some, or all of the
lymphatic system of the body.

The parts most frequently attacked

are Payer's patches in the intestine, the mesenteric lymph gla:Dds,
the retroperitoneal lymph glands, the tonsils, the glands or the
neck, the axillae and the groin.

He further remarks that while

the enlargement is not always marked, it is more or less noticeable to some degree.

The pathologic picture as he presented it

was one of an acute hyperplastic lymphadenitis. Weed (50), and
Dandy and Bl,oki'an (14) have shortn that the communications between
the lymphatics of the body a:Dd their analogues in the central
nervous system are so slight as to make them essentially independent

•••
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systems.
Harbitz and Scheel called attention to the difficulty
in explaining the far-flung simultaneous lesions in the central
nervous system by spread through the relatively shorter lymphatic
spaces. They believed that it was more natural to assume that
the inflammation follows the surface and thence invades imrards.
This made it possible for the pie. to be infected anywhere, thence,
rapidly the entire spinal fluid would become infected, causing an
infection of the entire nervous system through the coilB!lunicating
perivascular lymphatic spaces. This theory of spread along the
subaraohnoid s-i;ace has obtained wide acceptance.

Flexner (21),

stated that the virus ascends by the nerves of smell to the brain,
where it then multiplies in and about the olfactory lobes and in
time passes into the cerebrospinal fluid which carries it to all
parts .of' the central nervous system.

It has only been occasionally

reported that the virus has been found in the spinal fluid, and
some authors maintain that this is not the rule.

Clark and Amoss

(9) confirmed that direct inoculation into the subarachnoidal space
produced the diaease, though with less frequency than the intracerebral inoculations.
Hurst {29) has on occasions even detected the virus in
the spinal fluid of monkeys when there has been little question of
technical error.

However, the objections to this mode of' spread

as the primary one are serious.

Perhaps the strongest one at the

·present time is the fact that the virus has mver been discovered

23

in the spinal fluid of a human case of the disease, despite many
efforts to find it there, during the acute and early stages of the
disease.

The correctness of the occasional early detection of the

virus in the spinal fluid of monkeys intra.cerebrally injected has
been seriously shaken by the observation of Fairbrother and Hurst,
in as much as, with the greatest precautions, the needle can easily
reach the lateral ventricle, from which it can readily be found in
the subarachnoid space.

I
r.
f

~
'

The space of time required for this to be

accomplished has been demonstrated by Clark, Franzer and .A.moss (10),
who, after placing a needle in the lumbar cistern, then made an
intra.cerebral innoculation. Within two and one half minutes they
had recovered from the lumbar cistern a bloody turbulent fluid.
Although it has been shown that the virus disappears
in a very short time after it is inoculated subare.chnoidally and,
incidentally, prior to the onset of the

~Jmptoms

of the disease,

this is not positive evidence that the natural infection occurs
.
by this route, but offers a possible explanation of the absence
of the virus in the human spinal fluid at the time of onset of the
initial symptoms.

Another argument against the transmission of the

virus in poliomyelitis, primarily by the way of the 'cerebro-spina.l
fluid, is that the spread in a series of experiments in which the
animals were killed at progressive stages in

th~

course of the

disease when inoculation was in the olfactory bulbs, showed that
the heaviest ilIV'olvement of the inflammation was posterior to the
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olfactory bulbs at the base of the brain.
opposite to that of the subarachnoid

This is in a direction

c~rrent

and is the opposite

to the progress of the spread in cases of meningitis, which is a
disease primarily of the meninges.

It is impossible to speak of

the meningeal route of the invasion unless one considers the theory
that the invasion of the meninges is secondary to a blood stream
invasion of the human body.

This theory has been emphasized by·

Draper, and. also on the basis of.experiments of Flexner and Am.oss
(22).

The

theory is that following a blood stream imrasion the

meningochoroid bRrrier is penetrated and thus the virus enters the
spinal fluid channel.

It will be noted that there is an assumption

that there is present in the blood stream the virus of poliomyelitis.
The virus has never been isolated or found in the bloodstream of man and has not been found in the blood of experimentally
controlled animals, except in cases of gross injections of the virus
intravenously.

Invasion of the nervous tissues by blood stream.

inoculation of the virus is exceedingly difficult.

Flexner and

Am.oss were able to produce symptoms b:ir this route only when they
used approximately 1,250 times the amount required for production
of the disease by intra.cerebral injection, and even in these cases,
the period of incubation was very greatly prolonged.

Arter moderate

meningeal irritation, the em.ourt of the virus necessary to produce
symptoms of the disease, when the injection was intravenously, was
fifty times that necessary for the cerebral route.

Of course, one

could logically suggest that the virus might enter the nervous

tiss~s

r
I

~
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of man by this route, in as much aa there might be a change from
.

the normal penetrability of the meningo-choroid barrier, which
accounts for the belief of' Draper.

The following quotations ·rrom

Flexner and Amoss are of grE;tat interest in this respect:
·"However, in certain instances, the lesions present
not only resemble those caused by intra.neural modes
or inoculation, but differ from them in the extent
and degree to which the blood vessels, and expecially
those in the medulla and pons, are affected. VYhile
the degree of vascular infiltration does not afford
a basis of discrimination, a sharp distinction may be
drawn between the usual degree of vascular involvement and the usual extent in which it pccurred in
several cases of' intravenous tnjection---Vessels so
greatly altered as those under consideration may be
considered as contributing to the penneation of virus
from the blood t~ the tissues---What appear, however,
to be especially important a're the changes detected
in the ohoraid plexus, in w~ich infiltrative lesions
have hitherto not been observed---The experiments
·
indicate that when the poliomyelitis infection is
induced by the intravenous injection of' the virus,.
there arise, not only the ·common lesions of' polioJl\Yelitis, but also certain additional lesions of'
blood vessels and choroid plexus' which are of' peculiar
and distinctive nature. Since the precise mode of'
infection in htunan cases of poliomyelitis may be regarded still as an open question, this criterion of'
blood invasion may prove of assistance in· the solution of the problem. So far as can 1e judged from
the study of the tissues fran several human cases, a
corresponding Widespread vascular involvement would
seem not to have occurred."
They further conclude:
"The experiments described support the view that
infection in epidemic polioll\Velitis in man is
local and neural and by the way of the lymphatics
and not gene ra.l by the way of the blood. n
Thus, in their conclusions, they differ from Draper, and other
proponents of the choroid meningeal penetration theory, from the
time set of experiments.

ITI
I

26
In a later paper Flexner and Amoss conclude:
"The discovery of the main porbals by which the
virus enters the body has focussed attention on
the conditions which favor or hinder its entrance,
Having reached the upper respiratory mucosa the
virus may take either of two routes in invading
the central nervous organs. It may penetrate
first. into the local blood vessels and be carried
into the circulation and thence to the nervous
tissues, or it may pass into the lymphatic vessels
surrounding the olfactory nerves and ascend more
directly to the bra.in, medulla, and spinal cord."
And continuing:
"Experimental evidence suggests the latter route.
It is difficult to infect mor:ikeys by the way of
the blood; and conversely, it is easier to infect them by the way of the nasal mucosa. It is
the tu.notion of the choroid plexus and the pial
lymphatic vessel~ to exclude the virus present in
the blood from the nervous tissues ••• When the
virus enters directly from the nasal mucosa to the
.brain, the medulla and lastly the spinal cord become
infected, from which it would appear that the virus
entering the central nervous organs by way of the
olfactory nerves permeates the organs continuously
and is not distributed by the general circulation."
(22)
These experiments tend to show the effectiveness of the barrier
as a defense mechanism and not that it is the route of the general
infection in man and contra-indicate a theory that the disease is
primarily a blood stream infection in the initial stage.
Further consideration of the blood stream as the ~ode
of transmission of the virus of Anterior Poliomyelitis fails to
reveal a!G'thing that might give a clue to the possible disseminat ion of the virus in the blood stream.

Pathologically, at times

in a given cell area affected, some cells may be totally destroyed
and their neighbors left apparently unaffected.

Any consideration
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of the blood supply of the brain or spinal cord fails to reveal
any explanation on the basis of' the. distribution or arrangement
of the vascular channels.

In the brain, contrary to general

belief, there are abundant anastomoses

of the smaller blood

vessels so as to ensure an even distribution of' the virus from
the blood stream.

In the cord, the distribution of' the arteries

is, to be sure, segmental, though, not without intersegmental
anastomoses.

It is true that there are arguments that the right

and left branches of

t

re

central arteries supplying the anterior

horns are given off at different levels in the cervical and the
thoracic segements of the cord, but this is not the case in the
lumbar segment which is the most-frequent site or the lesions
of Anterior Poliomyelitis.

It is true that if gross embolism

occurred there would be a possibility that one could have a
scattered and a symmetric number of affected areas, but the ultramicroscopic virus can hardly be considered a gross embolus.

There

is no· evidence that there are any processes of emboli or thrombi
occurring in Anterior Poliomyelitis.

Therefore, it· seems unlilcely

that the blood stream is the source of transmission of the viru·s
of poliomyelitis to the central nervous system where such gross
damage is done•
As cited before, it has been generally agreed that
there are no true lymphatics system in the central nervous

system.

Darny and Blackfan have shown the slightness of the connections
between the central nervous sytem and the extra-nervous lymphatic

28

They also point out that the eventual drainage of the cerebrospinal fluid is almost entirely into the blood-vascular system.
The perivescular spaces of Vi rchow-Robin while not lymphatics in
the strict sense, nevertheless, appear to have an analagous function
of conducting water and various contained nutritive and excreted
substances from the blood to the tissues and from the tissues to
the blood stream.

They can be followed along the smaller arteries

and the veins and cappilaries 1 but do not unite to form large
trunks.

'£heir course seems to be from the nervous parenchyma to

the pial surface where they end in the subpial spaces.

Under

suitable conditions they can be shown to form a· closed system of
I

continuous and communipating channels from the subarachnoidal
space to the perineuronal spaces· surrounding the nerve cells and
neuroglial elements (37) (49).
Although the direction of the flaw in these channels
has been much disputed in the past, the diligence of Weed makes
it clear that it is from within outwards, and he concludes:
"Under conditions approaching the physiological,·
no passage of fluid fran subarachnoidal space
to nerve-cell occurs 11 • (49)
It is only in uuphysiological conditions that there is
a reversal of the flow in these channels.

These conditions are:

1. A marked increase in the pressure in the subarachnoid space.
2.

Anemia of the nerve tissues as is found after
ligation of the blood supply.

i •

Int ravenous injection of strongly hypertonic
solutions {37).

It should be noted that Anterior Poliomyelitis presents conditions
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opposite to these; hyperemia, edema and only a moderate increase
in the subarachnoid pressure. Moreover, the pathological specimen often shove a choking of' the parivascular spaces with emigrated
small cells which form a mechanical block to the reflux of fluid
from the subarachnoid space.
Wa have yet to consider the possibility of the transmission of the virus along the third great system of the
nervous system.

body~-the

Some of the earliest work revealed the ease with

which injection of the nervous system

itsel~

resulted in the in-

fection of the body of 1 the animal with the disease.

Ransom (41),

in 1917, revealed that the nerve fiber itself, that is the axis
cylinder or nwelin sheath, was a possible route of transmission
of tetanus toxin.

This gave a new route for those working with

the virus of Polio.myelitis.

The perineural pathway, considered to

be a lymphatic pathway by Flexner and Amoss in their work on the
section of the olfactory bulb, was the only hint of such a route
to this time.

Landsteiner and Levaditi, in 1909, although report-

ing the transmission along the nerve, concluded that it was a
lymphatic route.

In spite of the fact that it had been proven

that long longitudinal lymph channels did not exist in the nervous·
tissue, the possibility that this transmission was along the axis
cylinders did not occur to these investigators.

It was in January

1930 that Fairbrother and Hurst (17) demonstrated tpis mode of
spread of the virus.

They made initial inoculations·on the nasal

mucosa and showed that the virus advanced in the nerve tissue itself,·
to the oerebral cortex, from the cerebral cortex to the thalamus,
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thence to the medulla and then with almat explosive violence to
the spinal cord.

It was further shown that the efi'ects on the

cerebral cortex at the site of &ntry was dying out at the time
that the symptoms and findings in the cord were demonstrated.
They also found evidence of the passage of the infection along
decussating channels of nerve fibre tracts.

They only noted .

occasionally that the virus was in the spinal fluid and believed
this only to be a secondary route if it occurred at all.

They

noted that the degeneration of the nerve cells were often anteoedant to and occurred independently of the inflammatory reactions.
In June of the same year, Jungeblut and Spring (30)
confirm.ad the observations and conclusions of Hurst.

They had

transected the spinal cord of a monkey at the level of the first
lumbar vertebra, ;ater inoculating a virus suspension in the brain,
and finding on the ninth day the typical lesions of Anterior
Poliomyelitis in the cervical and the thoracic cord, and a normal
appearance in the lumbar section of the cord•

liurst, in the same

year, presented further evidence of the ax:onal spread of the disease.

Broadie, in 1934, noted the transmission of the infection

along the nerve channels after inoculation of the sciatic nerve
and suggested that the trauma produced degeneration of the ID¥elin
sheath and thus afforded the same type of transmission as in the
case of the olfactory nerve along the a.xis cylinder,
.

Hurst, con-

cluded that the axones are the main transmitting channels for the
/

spread of the virus.
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We are attempting to point out that the axonal
spread of the virus is the most likely and that if this theory
is correct, then, the other theories are incorrect; that polio11\Velitis is not necessarily an extra.nervous disease before it is
an intra.nervous disease and that it is not a blood born infection.
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C HAP T E R

VII

COifCLUS IONS

1.

Anterior Poliomyelitis is a disease to which all are
susceptible at some time during their lifetime.

2.

The inmmiity acquired by the population is the result
of abortive infections at some time during their past
life.

3. The disease is caused by a filterable virus.
4.

That the virus enters through the nasal mucous membrane
is almost miiversally accepted and in particular that
area of the mucosa which is occupied by the olfactory
bulb.

5 •. The principal mode of transmission of' the virus is along
the axis cylinders of the nerve fibers.
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